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Recently, Kura [3] proved two theorems concerning oscillation behavior 
of solutions of the sublinear differential equation 
u” + a(t) 124 ((L sgn u = 0, O<a<l, (1) 
where a(t) E C[t,,, 03), t, > 0. Kura’s results unify and improve oscillation 
theorems for (1) due to Belohorec [ 1 ] and Kamenev [2]. 
In this note we give more general integral criteria to the oscillation of (l), 
which contain the results in [3] as particular cases. 
We shall restrict attention to solutions of Eq. (1) which exist on some ray 
[t, ao), t > t,. A solution of (1) is called oscillatory if it has arbitrary large 
zeros. A solution is called nonoscillatory if it is eventually of one sign. 
Equation (1) is called oscillatory if every solution is oscillatory. 
We now state our results as follows: 
THEOREM 1. Assume thatfor someBE [O,a] and yE (1, co) 
lim sup tPY 
f-+00 I 
tl (t - s)‘sDa(s) ffs = co, 
then Eq. (1) is oscillatory. 
Proof If not, we may assume that u(t) is a nonoscillatory solution of (1) 
with u(t) > 0 for t > t, > to, since -u(t) is a solution also. Following Kura 
[3], we let 
v(t) = & t%P”(t), 
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thus it satisfies the equation 
1 t%(t) + -AL - 
1 -a v(t) ( 
u/(r)-~)2+P(a-8)~=-u/~(t). (4) 
a 
Multiply (4) by (T- s)’ to obtain 
A-(T+)Y-& (u’(s)-!y2 +p(a;p) (T-s@ 
+ (T- s)va(s) = -u”(s)(T- s)Y, T>s>t,. (5) 
Integrating (5) from t > t, to T, we have 
+ltr (T- s)ys4a(s) ds = -i,‘(T- ~)~u”(s)ds. (6) 
Taking into account the equalities 
I T (T- s)Yv”(s) ds = -(T- t)Yv’(t) + v(T) -v(t), if y= 1, t (7) 
= -(T- t)Yv’(t) - y(T- t)Y-l v(t) + y(y - 1) 
x 1; (T - s)‘-” v(s) ds, if y>l, 
and (6), in either case, we have 
i 
T (T - s)Ys”a(s) ds < (T - t)Yu’(t) + y(T - t)Y-’ v(t). (8) 
t 
Dividing (8) by Tpy and taking the upper limit as T-+ 03, we get 
I T lim sup Tmy t4cc 
(T- s)ys”a(s) ds < v’(t) 
t 
for all t > t,. This contradiction completes the proof of the theorem. 
THEOREM 2. Assume that for some /I E [0, a), y E [ 1, co), there exists a 
continuous function f (t) on [to, 00) such that 
’ lim sup Tey I (T - s)ysDu(s) ds >f(t), (9) T-KU t 
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for tE [t,, 00) and 
where f+ (t) = max{f(t), 0}, then Eq. (1) is oscillatory. 
Proof. Suppose that there is a nonoscillatory u(t) of (1). As Theorem 1, 
setting u(t) > 0 for t > t, > t, and u(t)= (l/(1 -a)) t4u’-a(t), we then 
have (6). 
Let /I E [0, a) and y E [ 1, co) and suppose there exists a function f(t) 
satisfying (9) and (10). Dividing (6) by Tpy and taking the upper limit as 
T-+ 01), we have 
lim SUP [~T-~~(T-s)Y~(L.‘(s)-~)z+B(a~~)T-y 
T-CC 
x :(T-s)yy 
I ds +f(t) < u’(t), 
] t> t,. 
It is easily seen that (11) implies 
d(s)-m ‘ds < 00 
as (12) 
and 
I 
‘x 0) 7ds<co 
f s (13) 
for t > t, . Noting (13), we have 
lim inf*=O 
t-too t . 
We consider the following equality (see [3]) 
= = u’*(s) ds + 
4s) 
P’- 2aP T v(s) ds 
a2 I --T-O t s 
(14) 
(15) 
Noticing (12), (13) and (15) and taking limit as T -+ co in (15), we have 
I 
m d2(s) 
-ds < ~0, t>t,, 
t 4s) 
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lim V(t)=0 
f-+00 t 
which shows that u(t) < kt, t > t, > t,. The remainder of the proof following 
exactly that of Theorem 2 of [3] and hence is omitted. 
Remark. Letting y = 1 in Theorem 1 and 2, we obtain, respectively, 
Theorems 1 and 2 of [3]. Thus Km-a’s results are special cases of our 
theorems. It is easy to construct examples showing that our criteria for 
oscillation are essentially wider than Kura’s criteria. 
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